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It is well known that Latency has a highly disrupting influence in music performance, affecting musicians individually 
on their own acoustic feedback and collectively at the overall musical response. In musical communication over the 
Internet one of the most promising approaches, to minimize the constraints caused by extreme latencies, is to adapt the 
musical practices to perceptual audio features that influence the latency threshold tolerated by musicians. According to 
the information extracted from these descriptors, it is possible to shape the musical language at the compositional stage 
or at the performative level. Research has previously been conducted exploring the relationship between this threshold 
and features such as the musical Tempo and Loudness. Nevertheless, further studies remains to be done, particularly 
concerning the ability to synchronize delayed performances for different expressive musical qualities related with 
performing technique at the level of individual notes. This paper presents a pilot study that suggests a better tolerance to 
communication latency, for musical pieces based on notes performed with slow attack sounds. 
INTRODUCTION 
With the advent of Internet computing and the 
possibility of ubiquitous long distance acoustic 
communication, the prospect of geographically 
displaced musical performance became available to a 
worldwide community. 
However, in global networks communication Latency 
(net-delay) is extreme and causes a highly disrupting 
effect in remote musical performances, especially in 
more traditional musical forms, which are mostly driven 
by rhythm and melody involving very tight 
synchronicity, to achieve a desirable real-time 
awareness of musical acoustics. 
In fact, requirements for networked musical 
performance imply latency thresholds that are amongst 
the most demanding in Computer Supported 
Collaborative Work (CSCW), providing a leading 
framework of critical research for this particular field of 
Computer Science. 
1 LATENCY THRESHOLDS AS A FUNCTION 
OF MUSICAL FETURES 
While in a vocal conversation it is possible to maintain 
it even with one-way delays of up to 500 ms [1], when 
trying to perform any sort of rhythmical piece on 
gestural based musical instruments, the communication 
delay threshold, that allows musicians to maintain a 
synchronized and smooth musical interaction, reduces 
drastically to the order of tens of milliseconds, as 
reported on a number of experimental studies conducted 
since 2002: [2] [3] [4] [5] [6] [7] [8]. 
These studies, attempt to determine the Ensemble 
Performance Threshold (EPT), “the level of delay at 
which effective real-time musical collaboration shifts 
from possible to impossible” [2], and consistently the 
results fall within the range 20 to 40 ms. 
Yet, the EPT is usually determined based on 
experimental setups that focus on latency variations, 
maintaining fixed values in other musical features. 
Moreover, in each study the EPT has been determined 
for particular performative conditions, without 
introducing significant variations in other musical 
facets, such as: 
• The music expressive qualities (Dynamics 
and Articulation) 
• The music style (rhythm, melody, harmony) 
• The music perceptual qualities (pitch, 
texture, timbre) 
• The music structure/form 
• The musician’s experience and practicing 
strategies 
• Complementary feed-back modalities 
(visual, tactile) 
• The listening conditions 
In this sense, further research is necessary in order to 
determine if the established EPT range (20 to 40 ms) 
changes according to different perceptual audio 
features, which are fundamental to the music 
performance.  
In particular, this paper presents a study on the influence 
in EPT of very specific audio feature - attack time -. 
This results builds upon recent studies by the authors, 
and other researchers, that have explored in EPT of 


























































 takes with 









the EPT is r
formance apa
po in the pre
iment condu


































 applied to 
wn instrumen
 set up, so t
















































































































































er 1 is pres
 experiment. I
lls or music 
lerate more f
ion, to the de
or the percuss
 related to a 
mic structur
 fact that w





e can be reg
y Adaptive T
cation princip




an of a networ
sed on real-t
of this functi
e at a given m
ill be the T
less disruptin
sicians to re




















 to keep up a
ented a grap










t there is 
al Tempo a
een musical
arded as a 
empo (LAT)
le of LAT 
network co
ically adapts
d by a metro






g for the g
hearse musi
heir Network





























































































































can have a 
obtained for 
note is a crit
simultaneity 
As part of th






































sured in his c
 in the AALIV
d softness of 
owever, mu
the sound vo
lso as the ar
s (staccato, 
echniques ap

































r a musical so
] “for highly
 same as, or 
e, but for so
                     
ar experiment i
” and it is ava














































 as the mom
und event. A
 percussive s
just a few m
unds with a 
                
s entitled “Effe
ilable, as part o
 the website: 
ff/Group2/abre
ay 31, 2011] 
 Diego, CA, U
ptively lower
er’s contribut




ics is not o
 overall mus
ween individ
as well as 
hasize each n
 this context, 








is [12] there 








. In other wor
times are be





























































































































































 violin, the 








efore, it is re
es allow a b





 can affect th
nce, a pilot 
y the author
ber 2010 at 
sic and Acou
s trial test w
mmunication 







n B) and w
cture presen
previous ex
, for the sake 
m used to tes
ith different a











 or the PAT 
eference to 
oduced in a b
ued that a 
ds events, w









e quality of 
experiment w
















t the latency 
ttack times 

























































































































clear that in 
slower than 
which is not 







n such a low






































ction 1.1 of 











ted 28 times f







ion in time w
ker analysis 




                
 developed at t
, University of 
g/ [consulted in
 Diego, CA, U
 to 80 Beats 











rry on with 
or slow and 
o 110 ms (w
 was perform










he Centre for 
London: 





































































































 an insight o




















 average for p
 average for p
n the way e

























































































there is a fun













 110 ms, the
























hat is the sp









 “1”, which i
 of sound eve
dio alignment




























 and the perfo
 Diego, CA, U
formances (sl
trials through
 in figure 6, 
 slow attack
ndicates a be










d in the scope
of this paper
onship betw



































































































































 Farner, S., S
9. Ensemble
luence of del
rnal of the A
1. 


























sity.   
urevich, M. 
ccuracy: Effe
 the AES 
udio Engine
d Kon, F. 2
ceedings of th















 Cardoso, J.; 







” for the fun
olarship that














































































































 AES 44th International Conference, San Diego, CA, USA, 2011 November 18–20  6
real time collaboration. Proceedings of the International 
Computer Music Conference (ICMC2003). 
[11] Spicer, M. 2004. AALIVENET: An agent based 
distributed interactive composition environment. 
Proceedings of the International Computer Music 
Conference (ICMC2004). 
[12] Bregman, Albert S. 1990. Auditory Scene Analysis: 
The Perceptual Organization of Sound. 94. Cambridge, 
MA: MIT Press. 
[13] Wright, M. 2008. The Shape of an Instant: 
Measuring and Modeling Perceptual Attack Time with 
Probability Density Functions (If a Tree Falls in the 
Forest, When Did 57 People Hear it Make a Sound?). 
Ph.D. Dissertation, Stanford University, 19 – 20. 
[14] Dixon, S., Widmer, G. 2005. MATCH: A Music 
Alignment Tool 6th International Conference on Music 
Information Retrieval, Chest – ISMIR 2005, London, 
England. 
[15] Dixon, S. 2005. Live Tracking of Musical 
Performances Using On-Line Time Warping, Simon 
Dixon, 8th International Conference on Digital Audio 
Effects – DAFx'05, Madrid, Spain. 
